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Patients between 18 and 50 years of age with stable myo-
pia for at least 1 year [a change of 0.25 diopters (D) or less], 
corrected distance visual acuity (CDVA) of 20/25 or better, a 
spherical equivalent refraction less than −10 D, and a refrac-
tive astigmatism less than −3 D were included in the study. Sub-
jects with a central corneal thickness (CCT) less than 480 µm; 
a calculated postoperative residual stromal bed thickness less 
than 250 µm; history of keratoconus, diabetes, collagen vas-
cular diseases, or prior ocular surgery; and women who were 
pregnant or lactating were excluded from the study.
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Purpose: To study the factors causing cap lenticular adhesion (ClA), a 
rare complication of small incision lenticule extraction (SMILE) surgery, 
and its effect on surgical outcomes.
Design: A prospective, observational, cross-sectional study involving 
550 eyes of 285 subjects.
Methods: SMILE was performed using the VisuMax femtosecond laser 
(Carl Zeiss Meditec, Jena, Germany) with a minimum of 3 months fol-
low-up. Preoperative visual quality assessment, measurement of corneal 
biomechanics, and Bowman membrane imaging were performed. Based 
on the mean refractive spherical equivalent (MRSE), subjects were clas-
sified into mild, moderate, and high myopes. Causes of ClA and postop-
erative outcomes were evaluated.
Results: ClA was seen in 1.8% of patients, in whom the median preoper-
ative MRSE was −1.5 (−2.75 to −1.38), deformation amplitude was 1.13 
(1.10 to 1.21), and lenticular thickness was 46.2 (39.9 to 54.31). They had 
microdistortions in the Bowman layer and poor quality of vision. A me-
dian Strehl ratio of 0.08 (0.07 to 0.11) and modulation transfer function 
of 9.88 (8.98 to 13.34) were noted on the first day after surgery, which 
gradually improved to 0.17 (0.15 to 0.18) and 33.90 (27.27 to 38.94), re-
spectively. On observing the surgical videos, a distinct shining reflection, 
“the shimmer sign,” was seen around the dissector in patients with CLA 
when the posterior plane was dissected before the anterior.
Conclusions: Cap lenticular adhesion was associated with a low preop-
erative MRSE and thin lenticules. The shimmer sign serves as an indica-
tor for identification of the correct plane of dissection.
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(LASIK), such as an intact anterior stroma, superior corneal 
biomechanics, faster recovery from dry eye symptoms, and an 
earlier corneal re-innervation.3‒7 

Small incision lenticule extraction (SMILE) is currently the 
most innovative refractive surgery that combines femtosec-

ond laser technology with high precision lenticule extraction 
aimed at providing minimally invasive refractive correction 
using the VisuMax femtosecond laser system (Carl Zeiss, Med-
itec, Jena, germany).1 Small incision lenticule extraction is a 
flapless, single step procedure that uses only the femtosecond 
laser and no additional ablation to create a refractive lenticule 
in the intact corneal stroma. A dissector is then passed through 
a small 2–3 mm incision to separate the lenticular interfaces, 
followed by its removal.2 There is increasing evidence of the 
benefits of SMILE over laser-assisted in situ keratomileusis 

This prospective, observational, cross-sectional study was 
approved by the institutional research board and ethics commit-
tee of narayana nethralaya Eye Hospital, india and conducted 
in accordance with the tenets of Declaration of Helsinki. Writ-
ten informed consent was obtained from all patients.

materials and methods

study Population

Though Iversen et al8 have reported a loss of 2 or more 
lines in 1.5% of their subjects in the immediate postoperative 
period, the long-term visual outcomes after SMILE surgery 
are satisfactory. Despite SMILE having an acceptable safety 
profile, the dissection of the lenticule can be challenging at 
times. Although commonly encountered adverse events in-
clude epithelial abrasions, small tears at the incision, suction 
loss, incomplete separation of the lenticule, and wrong plane 
of dissection/separation,8–10 cap lenticular adhesion (CLA) is a 
rare complication. We discuss the causes of CLA in subjects 
undergoing SMILE surgery and its outcomes regarding post-
operative visual quality.

Subjects fit to undergo refractive surgery were selected 
by a detailed preoperative work-up, including visual acuity, 
manifest refraction, corneal topography (Pentacam HR, Ocu-
lus, Wetzlar, Germany), and a complete ophthalmic evalua-
tion, and were followed up for 3 months after the procedure. 
Corneal biomechanical parameters including deformation 
amplitude were measured preoperatively using the Corvis ST 
(Oculus, Wetzlar, Germany). Visual acuity (CDVA), objective 
assessment of visual quality by modulation transfer function 
(MTF) and Strehl ratio (SR) using the OQAS HD Analyser 
(Visiometrics, Terrassa, Spain), and Bowman membrane im-
aging using handheld spectral domain optical coherence to-
mography (SD-OCT; Bioptigen, Inc, Morrisville, NC) were 
evaluated both preoperatively and at consecutive follow-ups.

study design
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All surgeries were performed by a single experienced 
surgeon (R.S.) using the VisuMax femtosecond laser sys-
tem with a 500 kHz repetition rate and pulse energy of  
130 nJ. Preoperative anesthesia comprised proparacaine 
hydrochloride 0.5% (Paracain, Sunways Pvt Ltd, India) 
instilled 2 to 3 times under aseptic conditions. Laser cut 
energy index was preset at 170 nJ, and spot spacing ranged 
from 2 for the lenticule to 4.5 µm for the lenticular side cut, 
track distance was 3 mm, and lenticule diameter (optical 
zone) was 6.0 mm.

The cornea above the anterior lenticular surface is re-
ferred to as the cap, and its diameter was 7.7 mm. The in-
tended cap thickness was 110 µm. After the femtosecond 
laser cutting procedure, a standard lamellar corneal surgi-
cal technique of swiftly sweeping the dissector across the 
anterior interface followed by the posterior interface was 
employed (Fig. 1). Once both layers were separated, the 
lenticule was removed from the cornea using a pair of mi-
croforceps. Postoperative treatment included moxifloxacin 
hydrochloride 0.5% (Vigamox, Alcon Laboratories, Inc, 
Fort Worth, TX) for 1 week, topical prednisolone acetate 
1% suspension (Pred Forte, Allergan, Inc, Irvine, CA) ta-
pering dose over 2 weeks, and a lubricant (Optive, Aller-
gan, Inc, Irvine, CA) for a month.

study treatments and Procedures

SPSS 17.0 statistical software (SPSS, Inc, Chicago, 
IL) was used to process the data. The Kolmogorov-Smirnov 
test was used for confirming normality of data. As the data 
was not normally distributed, nonparametric tests were em-
ployed, and all continuous variables were represented as a 
median with 95% confidence interval (CI). The P value was 
calculated using the Mann-Whitney U test, and a value of 
less than 0.05 was considered as statistically significant. The 
Wilcoxon signed rank sum test was used for paired analysis 
of eyes with CLA.

statistical analysis

table 1. Preoperative Parameters of Eyes With and Without Cap Lenticular Adhesion

Eyes Without Cap 
Lenticular Adhesion  

(n = 540)

Eyes With Cap 
Lenticular Adhesion  

(n = 10)Variable

MRSE, D 
Spherical error, D
Cylindrical error, D
lenticule thickness, µm
iOP, mm Hg
CCT, µm
Age, y
Deformation amplitude, mm
MTF, cpd
SR

−5.5
−5.25
−0.5
93.5
16.0
529
25.5
1.13

34.14
0.16

−1.5
−1.25
−0.5
46.2
14.5
533
25.0
1.12
33.7
0.15

P

<0.001*
<0.001*

0.5
<0.001*

0.36
0.93
0.87
0.14
0.29
0.66

(−5.5 to −5.38)
(−5.35 to −5.0)
(−0.5 to −1.0)
(91.0 to 94.5)
(15.0 to 16.0)
(519.0 to 529.0)
(23.48 to 27.53)
(1.10 to 1.21)
(32.1 to 35.3)
(0.15 to 0.162)

     All values are presented as median (95% confidence interval) unless otherwise indicated.
     cpd indicates cycles per degree; iOP, intraocular pressure.
     *indicates statistically significant difference among the grades. P < 0.05 was considered statistically significant.

(−2.75 to −1.38)
(−1.5 to −1.0)
(−0.75 to −0.25)
(39.9 to 54.31)
(11.48 to 17.53)
(508.38 to 549.73)
(24.2 to 25)
(1.08 to 1.12)
(31.66 to 35.96)
(0.13 to 0.19)

Five hundred fifty eyes of 285 subjects were analyzed. 
The median age of subjects was similar in eyes with (25.0) and 
without (25.5) CLA. There were 125 males and 160 females 
in our study. The male-to-female ratio was 0.7:1. Table 1 
summarizes the difference in preoperative parameters in eyes 
with and without CLA. The median mean refractive spherical 
equivalent (MRSE) and spherical error (SE) were significantly 
lower (P < 0.001) in eyes with CLA. The lenticule thickness 
was also significantly lower (P < 0.001) in eyes with CLA 
(46.2 µm) than in eyes without CLA (93.5 µm). The rest of the 
parameters did not show significant differences (P > 0.05) be-
tween the 2 groups, as seen in Table 1. On paired analysis with 
Wilcoxon signed rank sum test, the sphere, cylinder, MRSE, 
and lenticule thickness were found to be similar in both eyes 
of study subjects (P > 0.05).

results

figure 1. A dissector being used to separate the lenticule in the 
anterior plane.
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Median preoperative deformation amplitude (DA) was 
similar (P = 0.14) in eyes with (1.13 mm) and without CLA 
(1.12 mm). Peak distance (distance between the apices of the 
cornea at maximum concavity), radius of curvature at the 
maximum concavity (in mm), A1 (first applanation length in 
mm), A2 (second applanation length in mm), V1 (velocity of 
the corneal apex in m/s at A1), and V2 (velocity of the corneal 
apex in m/s at A2) were similar in eyes with and without CLA 
(P > 0.05). 

Table 2 shows the incidence of various complications 
that were encountered in our surgical case series. Cap lenticu-
lar adhesion was seen in 1.8% (10 eyes of 10 patients). On slit 
lamp examination, 5 eyes had minimal interface haze on the 
first postoperative day. At the end of 3 months, all eyes were 
normal on slit lamp biomicroscopy. Of these, 8 eyes had mild 
myopia (<3 D), whereas 2 eyes had moderate myopia (3–6 D). 
The median CDVA in logMAR on the first postoperative day 
was similar (P = 0.18) in eyes with CLA 0.05 (0.0–0.1) and 
without CLA 0.0 (0.0–0.07). On subsequent follow-up, CDVA 
improved and was similar (P = 0.54) in eyes with and without 
CLA 0.0 (0.0–0.0) at the end of 3 months.

As shown in Table 3, MTF (24.35 vs 9.88) and SR (0.16 
vs 0.08) after surgery were significantly better in eyes with 
no CLA at day 1 when compared with eyes with CLA (MTF: 
P < 0.001 and SR: P = 0.002, respectively). At the end of 3 
months, these differences (MTF: 35.56 vs 33.90 and SR: 0.17 
vs 0.17) were not significant (MTF: P = 0.80 and SR: P = 
0.35, respectively; Table 3).

Microdistortions of the Bowman membrane were present 
in the immediate postoperative period in all cases of CLA but 
had reduced by the 3-month follow-up (Fig. 2). The median 
surgical time was significantly greater (P < 0.001) in eyes 

IncidenceComplication

Cap tear
Epithelial abrasion
Suction loss
Tear at incision site
Cap lenticular adhesion
Haze

3 eyes 
25 eyes 
8 eyes
2 eyes 

10 eyes 
15 eyes 

table 2. Incidence of Complications

(0.6%)
(5%)
(1.6%)
(0.4%)
(2%)
(3%)

with CLA (262 seconds; range, 249.27–272.53) than without 
(182 seconds; range, 175–195). On analysis of surgical vid-
eos, a distinct reflex or “shimmer sign” was seen around the 
dissector in 8 out of 10 eyes with CLA when the posterior 
plane was dissected before the anterior plane (Figs. 3, 4).

figure 2. A, The smooth Bowman layer before surgery. B, Microdistortions on the first postoperative day in an eye with difficult dissection. C, The 
disappearance of microdistortions 3 months after the procedure. D, The smooth Bowman layer before surgery. A smooth Bowman on the first day (E) 
and 3 months after surgery (F).

Small incision lenticule extraction is a flapless, single step 
procedure that uses only the femtosecond laser without requir-
ing additional ablation and has some distinct advantages over 
LASIK.3–7 Various studies have reported complications11,12 
and a relatively slow recovery13 after SMILE. Correction of 
myopic astigmatism has been found to be less satisfactory 
after SMILE when compared with LASIK.14 In our study of 
550 eyes of 285 subjects, the postoperative complications seen 
were epithelial abrasions (5%), suction loss (1.6%), tear at in-
cision site (0.4%), and cap lenticular adhesions (2%). Similar 
results have been reported in other studies as well.8 However, 
these complications had no long-term effects on visual quality.8 

discussion
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Suction loss during SMILE surgery has also been previously 
reported.8 Though we experienced this complication in 8 eyes, 
the suction loss occurred before the completion of the pos-
terior cut. Hence, we were able to resume the procedure and 
complete it without further complications. 

Lenticular separation is critical for completion of the 
procedure and may have an effect on the surgical outcome in 
terms of optical quality in the immediate postoperative period. 
Complete dissection of the anterior and posterior plane is nec-
essary for optimal lenticular separation. Factors influencing 
lenticular dissection and therefore lenticular separation have 
been evaluated with great interest. Although previous studies 
have reported no differences in the preoperative parameters of 
eyes with difficult lenticule dissection,8 we found it to be more 
difficult in eyes with low MRSE and therefore thinner lenti-
cules. One possible explanation for this phenomenon could be 
related to the principle of photodisruption. The femtosecond 
laser works on the principle of photodisruption, resulting in 
the creation of plasma at the site of its focus, which then ex-
pands and results in a gas bubble. The cuts are created by the 
alignment of about 1 million bubbles. In minor corrections, 
the lenticule is thin and the 2 incisions are close. This might 
result in interaction between the 2 incisions, depending on the 
pulse energy and the size and density of the opaque gas bubble 
layer. This may obscure visualization of the correct plane of 

table 3. Optical Quality Parameters in Eyes With and Without Cap Lenticular Adhesion Before, 1 Day, and 1 Week After Surgery

Before Surgery

No CLA
(n = 540) P

CLA
(n = 10)

33.7 
(31.66 to 35.96)

0.15 
(0.13 to 0.19)

34.14 
(32.1 to 35.3)

0.16
(0.15 to 0.17)

Variable

MTF

SR

0.30

0.66

9.88
(8.98 to 13.34)

0.08
(0.07 to 0.11)

24.35
(21.35 to 24.56)

0.16
(0.15 to 0.16)

<0.001*

0.002*

33.90
(27.27 to 38.94)

0.17
(0.15 to 0.18)

35.56
(33.45 to 35.56)

0.17
(0.16 to 0.17)

0.80

0.35

No CLA
(n = 540) P

CLA
(n = 10)

No CLA
(n = 540) P

CLA
(n = 10)

1 Day After Surgery 1 Week After Surgery

     All values are presented as median (95% confidence interval) unless otherwise indicated.
     *Indicates statistically significant difference in MTF and SR before and after surgery. P < 0.05 was considered statistically significant.

dissection and lead to CLA.15 In high myopes with thicker 
lenticules, dissection was less challenging, as the planes could 
be identified more easily.

A bright reflex or “shimmer sign” was noticed as the dis-
sector was introduced through the incision site. When the dis-
sector was advanced further, the reflex was noticed along the 
length of the dissector. Dissecting the posterior interface first 
can push the lenticule up against the cap and cause difficulty 
in subsequent identification of the anterior plane and removal 
of the lenticule. It is therefore imperative that a small separa-
tion be made in both planes initially so that after completion of 
the anterior dissection, the posterior plane can easily be identi-
fied and thus dissected in a less traumatic manner.

Incorrect identification of the plane of dissection increas-
es tissue handling and surgical time leading to suboptimal 
postoperative visual quality, lower values of MTF and SR, and 
Bowman microdistortions. Microdistortions are known to be 
associated with a higher refractive error, thicker lenticules, and 
greater intraoperative manipulation.16 Previous studies have 
shown that microdistortions do not have an impact on visual 
acuity, though they are associated with a decline in quality of 
vision, probably by causing increased scattering of light at the 
level of the Bowman layer.17 The epithelium may mask the 
refractive effects of an undulated Bowman layer by remodel-
ing, thereby reducing impact on visual acuity.18 In this study, 

figure 3. The “shimmer sign,” a shining reflex in front of the dissector 
when it is in the wrong plane of dissection.

figure 4. Normal reflex when the dissector is in the right plane of 
dissection.
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microdistortions may have occurred due to longer surgical 
manipulation and difficult lenticular extraction. 

This study demonstrates that eyes with CLA had a tran-
sient decline in optical quality immediately after surgery. 
However, at the end of 3 months, an improvement in CDVA, 
MTF, and SR with disappearance of microdistortions was 
seen in all 10 eyes. The dissection time and level of manipula-
tion was higher in these patients, which may have resulted in 
slower initial visual recovery. However, CLA had no long-
term significant impact on postoperative visual quality.

In this study, Corvis-ST, an air puff applanation device 
with a Scheimpflug camera, was used to assess the biome-
chanical changes in the cornea after SMILE. Previous studies 
have shown that corneal deformation by air puff applanation 
is a sensitive method to test the biomechanical stiffness of the 
cornea after SMILE and LASIK surgeries.19–21 A recent study 
by Shetty et al22 compared the ease of lenticule separation with 
corneal deformation and found that there was an inverse cor-
relation between the two. A higher deformation amplitude was 
associated with an easier cleavage of crosslinks within the cor-
nea. However, in the current study, biomechanical parameters 
were found to be similar in eyes with and without CLA and 
therefore, no association could be established between biome-
chanics and CLA. 

To conclude, though SMILE has several advantages over 
LASIK, it is a more technically demanding procedure with 
a steeper learning curve. Cap lenticular adhesion may be en-
countered in eyes with low MRSE and poor biomechanics, 
leading to difficult lenticular dissection intraoperatively. The 
“shimmer sign” could be beneficial in identifying the appro-
priate dissection plane, thereby reducing surgical manipulation 
and further accelerating visual recovery after SMILE surgery.
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